This study aimed to determine the relationship between blood lead (BPb) concentrations and cognitive and physical development in school children. A total of 169 urban children and 100 industrial children of Malay ethnicity, in the age range of 6½ to 8½ years, were selected. BPb was determined using GF atomic absorption spectrophotometer. The mean cognitive score (102.55) of the children from the industrial area was significantly higher than that of the urban children (95.09; P < .001). However, no significant differences were found in the BPb levels between the 2 groups (industrial, 3.75 μg/dL; urban, 3.56 μg/dL). There was significant inverse correlation between BPb and cognitive scores for all children (P < .05). The cognitive scores for all children were influenced by BPb after adjustments (P < .05). The urban children had significantly better Weight for Height and Left Arm Circumference values than those from industrial area. There was no significant correlation between BPb and the anthropometric measurements. In conclusion, low BPb influenced the cognitive development, whereas physical development was not affected.
L ead is a well-known neurotoxic agent that may cause severe impairment of nerve tissue, particularly in the developing central nervous system (CNS). Scientific evidence from several studies suggests that lead may cause damage to the CNS in the developing fetus, resulting in impairment of mental function and the induction of behavioral disorders in young children with blood lead (PbB) levels of about 10.0 μg/dL or higher. [1] [2] [3] Adverse effects of lead exposure on mental function in children have been demonstrated in many studies of intelligent quotient (IQ) and school performance. 4 Lead-induced impairment of the auditory brain and cochlea is believed to contribute substantially to the mental disorders and learning disabilities associated with childhood plumbism. 5 Most findings reported that blood lead has an inverse relationship with mental development and that there is a reduction in IQ when blood lead concentration exceeds 10 μg/dL. However, a recent study by Zailina et al 6 on Malaysian urban and rural school children showed that mean blood lead concentrations below 10 μg/dL significantly influenced the children's IQ. Other studies have also found that environmental lead exposure in children with blood lead below 10 μg/dL is associated with intellectual deficits. [7] [8] [9] Most of the studies have emphasized on the effects of lead on mental function whereas other effects such as growth retardation have not been given due attention. Lead is known to accumulate in the bones; therefore, high lead concentrations in the body would most likely affect children's physical growth. Studies have shown that lead in the body affects children's growth. [10] [11] [12] The objective of this study was to determine the relationship between blood lead as indicator of exposure and the cognitive and physical development of Malaysian children.
Methodology
This cross-sectional study was conducted at an industrial area in the southern state of Malaysia as well as an urban area in the city of Kuala Lumpur. Two schools in an urban area and 2 schools from an industrial estate in the south of the peninsular region were selected for this study. The urban schools were chosen because they are located near a main road in the city and these children are most likely exposed to air lead emitted from automobile exhausts. The industrial schools were located in an industrial area with many industries and the children in the area are more likely to be exposed to the air pollutants emitted from the industries. Written permission was obtained from the Ministry of Education. The students' name lists were given by the class teachers. Selection of study children was based on stratified random sampling according to sex in order to get a good proportion of male and female children as well as according to class in order to get a good representation of both the standard 1 and standard 2 children. This is because these children were in the age range of 6½ to 8 ½ years and the McCarthy Scales of Children's Abilities (MSCA) test used in this study is meant for children in this age range. Sampling of each child was carried out proportionately using the table of random number. 13 Because the MSCA was translated to Malay language, only children of Malay ethnicity were selected for this study. Moreover, the sample size estimated was too small to accommodate interracial differences and socioeconomic confounders that may influence the study variables.
The blood samples were collected according to the method described by Sinclair and Dohnt. 14 . Blood lead concentrations were measured using a graphite furnace atomic absorption spectrophotometer in which lypocheck tests were used as a quality control. The lyphocheck contains cyclosporin A, red blood folate, and blood lead in a known concentration. There was a certain range of blood lead concentration in the lypocheck that gave a standard to determine if the spectrophotometer was functioning properly and to ensure the capability, reliability, and accuracy of the instrument.
Questionnaire interviews were used to gather the demographic and socioeconomic background information of each child. The children's cognitive scores were measured using the MSCA test similar to other reported studies. 15, 16 The test was translated into the Malay language and several items were modified to suit the local context. 15 It consists of 6 scales: Verbal Scale, Perception Performance Scale, Quantitative Scale, Memory Scale, and Motor Scale. These 6 test scales are made up of 18 subscales and each test scale contains the test subscale items that evaluate that particular scale.
Every answer given by the child, for each item tested, was scored and recorded for analysis. The raw scores were converted to standard scores according to the age and skill category. 16 All the scores that were obtained from each scale need to be converted to Scale Equivalents Index (SEI) based on the IQ McCarthy SEI table. The mean ± standard deviation (mean ± SD) SEI for Verbal, Perceptual Performance, Quantitative, Memory, and Motor Scales was 50 ± 10.0. 16 The total score of 3 of the scales, namely Verbal, Perceptual Performance, and Quantitative Scales describe the General Cognitive Scale and are interpreted as the IQ of these children. 17 Based on the McCarthy General Cognitive Index Table, the mean ± SD SEI score of General Cognitive Scale, which was converted to General Cognitive Index (GCI), was 100 ± 16.0. 16 The MSCA test was carried out by a qualified person trained by a certified psychologist.
Anthropometric Data Measurement
Anthropometric information was obtained through the body weight, height, and left arm circumference measurements. The Tanita Digital Scale with sensitivity 0.1 kg was used to measure the weight. Height was measured using a Microtoise measuring tape. A fiberglass measuring tape was used to measure the left arm circumference. The circumference (in millimeter units) at the middle length of the acromian and olecranon bones was measured. The children's age was determined by their date of birth.
The height and weight data were related to the National Center for Health Statistics (NCHS), which included Weight for Age, Height for Age, and Weight for Height. The circumference of the left arm was cross-related to those reported by Frisancho. 17 Height for Age below 2 SD from the NCHS median is defined as stunted or chronic nutritional deficiency. Stuntedness in children is due to prolonged lack of protein and calories. Weight for Height below 2 SD from the NCHS median is defined as wasted or acute nutritional deficiency, which indicates a serious current protein calorie deficiency. From the Frisancho reference, arm circumference of less than 85% shows nutritional deficiency. This is defined as deficiency of reserved energy and protein in the body. 18
Results
A total of 269 primary school children from 2 schools in an urban area and only 1 school from an industrial estate were selected for this study after getting permission from the Ministry of Education. From this, 169 children from the urban school and 100 children from the industrial school were selected for this investigation. The school in the industrial area was a new school with fewer classes. Therefore, only 100 children were able to participate in this study. The mean age of the children was 7 years and 6 months in the urban area and 7 years and 3 months in the industrial area. The study showed that their parents' education in both the areas were similar and at the lower secondary level. Results showed that the mean household income of the families were RM 1864.96 in the urban areas and RM 1893.23 in the industrial estate. No significant difference in the income between both areas was found.
In the urban area, most of the children's fathers were either professionals or worked in sales, whereas in the industrial area-the largest industrial city in southern Malaysia-the fathers were mostly factory and transport workers, as well as laborers. Almost half of the children's mothers in both the study locations were housewives. However, there were also some mothers in the urban area who were either professionals or worked in clerical or technical fields.
For the blood lead analysis, lypocheck test showed that the accuracy of the blood lead analysis of the children from industrial area was 99.5% and that of the urban children was 95.0%. Because the accuracy of measurements in both areas were ≥95%, the data were acceptable for this study. Based on the Kolmogorov-Smirnov normality test, the distribution for blood lead concentrations was not normal (P < .05). The blood lead data were then transformed to log base 10 and a normal distribution was obtained. The blood lead level (mean ± SD) was 3.56 ± 1.95 μg/dL in the urban children and 3.75 ± 2.16 μg/dL in the children from industrial area. There was no significant difference in the blood lead concentrations between the 2 groups of children (urban and industrial).
The blood lead concentrations were categorized as above or below 10 μg/dL, the recommended allowable standard by the Centers for Disease Control. 19 Majority of the children (98.1%) reported a normal or lower than the allowable standard blood lead concentrations. Based on the study location, there were 2 children (1.2%) in the urban area and 3 children (3.0%) in the industrial area with blood lead concentrations more than 10 μg/dL.
The MSCA test showed that the mean General Cognitive Score or the IQ of the children in the industrial estate (102.55 ± 12.41) was significantly higher than the children in the urban area (95.09 ± 13.98). Except for the Memory Scale, significant differences in the General Cognitive, Verbal, Perceptual Performance, Quantitative, and Motor Scale were observed (Table 1) .
In this study, the IQ score was also categorized into 4 classifications according to General Cognitive Index Standard Deviation Scale. The score classifications are as follows: Very Good (≥100 + 32), Good (≥ 100 to 116), Weak (≤100 to 84), and Very Weak (≤100 to 68). The percentage of children who had high scores was almost twice as many in the industrial area when compared with the urban area. Almost 25% of the children in the urban area had a very weak General Cognitive Score. In the study conducted by McCarthy, 16 out of 1032 American children who underwent the MSCA IQ test, 46.7% were in the moderate category for the General Cognitive Scores, which was almost similar to this study among the Malaysian children with 47.2% in the moderate category ( Table 2) . Only 1 child each from the urban and industrial area had an excellent cognitive score. On the other hand, there were 5 children from urban and 1 child from industrial area with very weak scores. Similar results were obtained by Zailina et al 6 who reported that 49.5% of the 212 children studied were in the same category.
Almost 81% of the children reported normal weight and 94% reported normal height. Only 10% of the urban children and 12% of those from the industrial area were underweight but the differences were not statistically significant. Stuntedness was only reported in 6% of the urban children and in 5% of the industrial area children (Table 3 ). This study showed that instances of being underweight and stuntedness of the children were lower than that observed in the study by Khor and Tee 20 who found that 34% of the male children and 25% of female children in the rural areas were stunted.
The Weight for Age and Height for Age of the urban children was better than those for the children from industrial area. However, there was no significant difference in the Weight for Age (t = 1.652; P = .100) and Height for Age (t = 0.366; P = .178) between the 2 groups. The Weight for Height and Left Arm Circumference of the urban children were significantly better than those from the industrial area (Table 4) .
Even though the blood lead was low, statistics showed that there was a significant inverse correlation between blood lead concentrations and total cognitive scores for both groups of children (r = −.140; P < .05). The same inverse correlations were also obtained for children from the industrial area (r = −.197; P < .05).
The general linear model (GLM) test was used to determine the relationship between blood lead concentrations and cognitive scores after controlling for various confounding factors. The confounding factors were their parents' educational level, household income, number of siblings, and their sequence in the family. Results showed that only the blood lead concentrations significantly influenced the cognitive scores for all the children (Table 5) , whereas in the industrial area, the cognitive score was not only influenced by blood lead level but also by the total household income ( Table 6 ). In the urban children, no other confounding variable significantly influenced the cognitive score. Our results showed that there was no significant inverse relationship between blood lead and the standardized anthropometric measurements, namely, Height for Age, Weight for Age, and Weight for Height for these children (Table 7) .
Discussion
Representative samples in terms of class and gender were obtained as there were almost equal number of male and female students from both standard 1 and 2 classes. Their families were from low socioeconomic background because the mean household income was below RM 2162, which is used as the mean income for the urban Malay ethnic in 1995. The fathers had lower secondary level of education and most of them worked as salespersons, factory workers, or laborers whereas the mothers were mostly housewives. Due to the low income, these urban children live in substandard houses within squatter housing areas. They also have poor nutritional status, which most likely made them very vulnerable to lead exposure.
The mean blood lead concentration for all the children was 3.69 μg/dL (below the safe level). This value was lower compared with previous local studies 6 and several other findings, [8] [9] [10] [21] [22] [23] which reported a mean of 4.30 μg/dL. The low blood lead concentrations could be due to the low ambient lead concentration in the environment. This is maybe because of the reduced lead content (from 0.40 to 0.15 g/L) in gasoline sold in Malaysia, in the early 1990s. 24 The same results were reported in the United States from the National Health and Nutrition Examination Survey report. 25 Significant differences in the scores were observed for General Cognitive Scale, Verbal Scale, Perceptual Performance Scale, Quantitative Scale, and Motor Scale. Zailina et al 6 also used the MSCA IQ test and reported an almost similar result although the location was different. The study by Zailina et al 6 showed that the children in rural area had a better cognitive (IQ) score (99.06 ± 16.11) than those in urban area (92. 15 ± 15.17) . According to the authors, this was probably due to the fact that children in the urban area had higher blood lead than the children in the rural area.
The correlation test showed that there was a significant inverse relationship between blood lead concentrations and cognitive scores for all the children studied. This finding was consistent with an earlier study conducted in Malaysia, which reported that blood lead of about 4.30 μg/dL could affect the cognitive development of children. 6 Other researchers also reported that the cognitive score (IQ) of children were affected by blood lead concentrations higher than 10 μg/dL. Rummo et al 5 found that children who experienced high exposures to lead (mean blood lead 88 μg/dL) in Providence, Rhode Island, showed significant relationship with neurological behavior, characterized by hyperactivity and lower IQ MSCA scores. Data reported by McMichael et al 2 in Port Pirie, Australia, also showed that there was a significant relationship between blood lead concentrations and children's IQ, using the MSCA test. Their results also showed that the General Cognitive Score was 7.2 points lower at an average blood lead concentration of 30 μg/dL, compared with children with an average blood lead of 10 μg/dL.
Using the GLM, it was found that the IQ score was influenced by blood lead concentrations and total household income among children in the industrial area. Using the MSCA test, Ernhart et al 3 found that the parents' educational level, social group, and their IQ also have an influence on their children's cognitive scores. Harvey et al, 4 who used a Stanford-Binet Intelligence Statistical Test, reported that there was a relationship between IQ and the total household income, sequence in family, and number of siblings. However, for this study, the GLM showed a significant relationship between IQ and the blood lead levels in all the children from both urban and industrial areas. The confounders were controlled statistically in the GLM as well as in the sample selection where only children of Malay ethnicity were selected. The children in this study showed lower underweight and stunted growth problems than in the study by Khor and Tee. 20 They surveyed 1057 children in 5 different communities in which 29% boys and 26% girls had underweight problem, whereas 34% boys and 25% girls showed stuntedgrowth. Another study by Soon and Khor 26 in another state of Malaysia found that 14.3% of the 105 children were underweight and 11% reported stunted growth.
Not many researchers study the adverse health effects of lead on the physical growth of children, as compared with its effect on the intellectual development. Our results also showed that there was no significant inverse relationship between blood lead and the standardized anthropometric measurement according to NCHS reference in terms of Height for Age, Weight for Age, and Weight for Height for all children. Contrary to other findings, the Third National Health and Nutrition Evaluation Survey in 1988-1994 showed that blood lead had a significant inverse relationship with height even when there was a reduction in blood lead concentrations from 15 to 3.6 μg/dL. 11, 21 
Conclusion
Results showed that the majority (98%) of the children in this study had blood lead concentrations well below the recommended standard of 10 μg/dl. The blood lead concentrations of the children from the industrial area were not significantly different from those in the urban area. On the other hand, the Perceptual Performance, Quantitative, Motor, Verbal, and the General Cognitive scores (IQ) of these children were significantly higher than those of the urban children. The cognitive scores of all the children studied were influenced by blood lead even at very low concentrations. For the industrial children, beside the blood lead, the cognitive scores were also influenced by the family income. No significant relationship was found between low blood lead concentrations and physical development of all the children studied.
